Expressions for the radiation of elliptical and bicylindrically focused piston transducers are derived within the Fresnel approximation. For the axial fields, the result takes the form of either a simple analytical expression (small perturbations from the circular piston case), a single quadrature in a real variable (unfocused and some focused cases), or a single quadrature in a complex variable (near focal points). The full fields are represented by a series of localized, Gauss-Hermite eigenfunctions. Numerical examples are used to illustrate the agreement of the two solutions for on-axis fields and to shed light on questions of the convergence and the selection of initial scaling parameters of the Gauss-Hermite expansion. 
INTRODUCTION
The radiation of a circular piston into a fluid has been studied exhaustively in both the frequency and time domains. 1'2 This great interest is due in no small part to the technological importance of circular transducers in a number of different engineering applications. Considerable attention has also been given to the focusing of this radiation by axially symmetric lenses. 3'4
This article treats the radiation of elliptical and bicylindrically focused transducers located in motionless baffles. In Sec. I, it is shown that, within the Fresnel approximation, the axial pressure variation for both of these cases can be expressed in terms of a universal function of two variables. For the unfocused elliptical piston, these arguments can be simply interpreted in terms of the nearfield and farfield distances that would be associated with the major and minor axes of the transducer. In the general case, a single quadrature is required to evaluate the universal function. For the case of small deviations from axial symmetry or farfield behavior, a simple analytical limit is approached. For focused cases, the numerical evaluation of the quadrature may be complicated by rapid phase fluctuations of the integrand. An integration path in the complex plane is reported that removes these numerical difficulties. Results of computations illustrate how the series of on-axis nulls in the radiation of circular piston transducers are modified as the ellipticity of the probe increases.
For the off-axis case, such analytical simplifications have not been found. However, representation of the fields as an expansion of Gauss-Hermite solutions to the wave equations is a computationally attractive approach. In Sec. II, the basic equations are derived, followed by a discussion of the influence of certain initially selected scaling parameters on the convergence of the Gauss-Hermite series.
In Sec. III, the predictions of the Gauss-Hermite method are numerically tested for the on-axis pressure distribution. The 
The second integral can be evaluated exactly, with the result 
Note that S and AS have a simple physical interpretation.
For a circular transducer of radius a, zA/a 2 is the propagation distance measured in units of the nearfield transition point a2//•. Diffraction-induced changes in beam parameters are usually expressed as a function of this distance. For the elliptical case, the parameter $ defined in Eq. (10) is the average of this normalized distance computed from the major and minor axes. Here, AS is one-half of the difference. Note that Co is independent of the sign of AS and that laS/S I = e2/(2 --e2),
where e is the eccentricity of the elliptical transducer. Therefore, the axial pressure depends only on the average normalized distance $ and the eccentricity of the transducer. In general, Co($,AS) must be evaluated by numerical integration. In some of the following analyses involving lenses, I AS/S[ can exceed 1, which leads to infinitely rapid oscillation of the integrand of Eq. (9). Some of the details of numerical schemes to overcome this problem appear in the following sections. Here the opposite limit will be consid- C. Modifications of axial fields by bicylindrical lenses
Effects of lens
To compute the changes in axial fields induced by a lens, the procedures used in the analysis of coherent optic systems will be employed. Consider the general problem illustrated in Fig. 3(a) , in which a bicylindrical lens is placed in the radiation field of an elliptical piston. Two mathematical transformations must be combined to develop a solution. One must describe both the changes induced in the fields by propagation between pairs of planes of observation, Fig.  3 (b) , and those induced by propagation through a lens, Fig.   3(c) .
The thin lens approximation will be used to model the changes induced in the field by the lens [see Fig. 3 (c) where T is a constant transmittance and Fa and F2 are focal lengths in the x-z and y-z planes, respectively. For a spherical lens, Fa = F2, whereas either Fa or F2 is infinite for a cylindrical lens. In this article, it will be assumed that the lens aperture is sufficiently large that it does not truncate or apodize the beam.
Effects of propagation
Again, the coherent optics approach within the Fresnel approximation is followed. It is consequently assumed that the fields that have propagated from the plane z = z o to the plane z = Zl, as illustrated in Fig. 3 
For the case of focusing by a bieylindrieal lens, Eq. (19) must be combined with the Gauss-Hermite expansion. In the general case, an expansion is first made for the fields radiated by the piston that defines the fields incident on the lens, p(x,y,z-) . From the output fields predicted by Eq. (19), p(x,y,z + ) , a second expansion can be made to predict the focused fields. When D = 0, i.e., the lens is adjacent to the transducer, the first step may be skipped. In the work that follows, all the integrals were evaluated numerically, with no attempt at obtaining analytical forms.
The proper choice of the initial value of the parameters qx (0) and qy (0) has not yet been specified. As noted by In the above calculations, the farfield agreement for $ > 1 appears excellent in all cases. This is explored in more detail, as influenced by the choice of the initial scaling parameter a (0), in Fig. 7. Figure 7 (a) 
